| INTRODUCTION
Nontuberculous mycobacteria (NTM) are Mycobacterium species other than M. tuberculosis (MTB) complex and M. leprae. Most NTM are present in the environment, such as in water, soil, milk, and animals, and are recognized as colonizers or contaminants in the respiratory tract without causing any symptom. [1] [2] [3] However, NTM infections are increasing in immunocompromised patients, so the organisms are now considered significant opportunistic pathogens.
4,5
Like MTB complex, NTM affects the lungs, and the symptoms are similar to those of tuberculosis (TB to many common antimicrobial agents, and there are differences in the appropriate antibiotics according to the particular NTM species causing the infection. Therefore, accurate identification of NTM to the species level is necessary for appropriate treatment of infections.
Traditionally, the identification of Mycobacterium was based on the phenotypic biochemical characteristics. 6 However, these tests are time-consuming and cumbersome and sometimes produce ambiguous results. Many molecular methods have been developed for NTM identification to overcome the limitations of conventional methods.
7-13
Gene sequencing is considered the gold standard for identification The aims of this study were to construct a sequence database containing type strains that are most suitable for identification of NTM and to determine the appropriate interpretive criteria for sequencebased identification using 16S rRNA, hsp65, and rpoB. In addition, using clinical isolates, we evaluated the usefulness of the three genes as targets for identification of NTM.
| MATERIALS AND METHODS

| Sequence database for Mycobacterium
| Collection of three gene sequences
The sequences of 16S rRNA, hsp65, and rpoB from the type, reference, or published strains were collected from GenBank. All sequences were checked by manual inspection for the culture collection catalogue number and relevant publications. Preferentially, for the 16S rRNA gene, we selected the sequence of the type strain and the longer sequence. For hsp65 and rpoB, we preferentially selected the sequences of the type strains and the particular gene positions that are most commonly used. 19, 20 We aligned the sequences using the multiple sequence alignment tool CLUSTAL W to check the position of the sequences in each gene. 
| Multiple sequence alignment and phylogenetic analysis
The percentage of similarity and multisequence alignment were calculated using the CLUSTAL W program and MEGA software. Phylogenetic analysis was conducted by MEGA software version 4.0 using the neighbor-joining method with Kimura's two-parameter procedure. 
| Difference of sequences between NTM species
The percent identity score is the minimum percent similarity of the first-matched sequence, and the cutoff value is the percent difference in the sequences of the first-matched and second-matched strains.
We investigated most suitable score and value using interspecies divergence rates of each gene for species identification of mycobacteria and determined the criteria on the basis of both the % identity score and the cutoff value that can identify at least 70% to 80% of mycobacteria to the species level.
| Sequence analysis of clinical isolates
| Clinical isolates
A total of 109 isolates were collected from our clinical microbiology laboratory from 2005 to 2010. These were identified as routine testing by PCR-RFLP 23 and the line probe assay. 24 We chose NTM isolates so as to include a large number of species.
| DNA extraction and sequencing
The colonies, grown on Ogawa medium, were scraped into a 1.5 mL microtube, and 50 μL of extraction buffer containing ion-exchange resin was added to the pellet. After heating at 100°C for 20 min and centrifugation at 10 000-20 000 g for 2-3 min, the supernatant liquid, containing the mycobacterial DNA, was stored at −20°C until use.
The primer and PCR condition for each gene are described Table 1 . A sequencing reaction was carried out on both strands using a BigDye
Terminator cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) using the same primer employed for PCR and applied to run on the ABI PRISM 3130 genetic analyzer (Applied Biosystems).
| Interpretation of sequencing results
The sequences of each gene were compared with our collected database to get a % similarity. We investigated the differences in T A B L E 1 Primers used in this study inter-species and intra-species sequence similarity to determine the interpretive criteria for NTM. In addition, we evaluated the diagnostic utility of individual genes and the combination of the three genes for the identification of NTM in clinical isolates.
| RESULTS
| Characteristics of 16S rRNA, hsp65, and rpoB sequences
For 16S rRNA, we collected 128 type strain sequences of (Table 3) . Four and two species had 100% similarity in hsp65 and rpoB, respectively.
These isolates could not be distinguished to the species level by these genes.
| Phylogenetic relations of three genes
A phylogenetic tree was analyzed to check the grouping ability of similar species using the Clustal W and MEGA programs. Thirty-seven isolates could not be discriminated at the species level by the 16S rRNA gene because these strains have identical sequences. However, the cluster pattern is different when using hsp65 and rpoB. The subspecies of M. avium and M. fortuitum could not be differentiated by any of the three genes.
| Identification results of clinical isolates
| 16S rRNA gene
A total of 97 from 109 clinical isolates were analyzed and compared with our database. The ranges of % similarity with the firstmatched, closest strains were between 97.90% and 99.90% (median 99.69%). The % identity scores of 81 strains were higher than 99.0%, whereas 16 strains showed <99.0% similarity and could not be identified to the species level. Among these 81 strains, 59 satisfied the cutoff value for species identification, so 60.83% of the clinical isolates could be identified to the species level by 16S rRNA gene sequencing. To confirm the identification of the remaining 38 strains, we performed phylogenetic tree analysis (data not shown).
Ten strains could be identified, being M. gordonae (N=5), M. septicum (N=2), M. fortuitum (N=1), and M. cookie (N=2). Therefore, the rate of species-level identification using the 16S rRNA gene was
71.13% (69/97).
T A B L E 2 Characteristics of sequences of 16S rRNA, hsp65, and rpoB genes by type of strain 
| hsp65
A total 106 clinical isolates were analyzed. The ranges of % similarity with the first-matched, closest strains were between 93.15% and 100%
(median 99.25%). Five strains showed <96.0% similarity, and these could not be identified to the species level. Among these 101 strains, 
| rpoB
A total of 103 clinical isolates were analyzed. The ranges of % similarity with the first-matched, closest strains were between 94.43% and 100% (median 98.76%). Eleven strains showed <96.0% similarity, and Therefore, the rate of species-level identification using rpoB was
81.55% (84/103).
We compared the identification results of the three genes. The rates of species-level identification using the 16S rRNA, hsp65, and rpoB sequences were 71.13%, 86.79%, and 81.55%, respectively.
Thirty isolates were identified as concordant results for all three genes, and 57 isolates were identified by only one or two genes. The identification rate by combination analysis of the three genes was 97.25%
(106/109). Of the 106 isolates, 19 could be identified to the clade level only: M. fortuitum (N=6), M. terrae (N=7), M. simiae (N=4), and M. chelonae clade (N=2) ( Table 4) . Three isolates showed different results for 16S rRNA, hsp65, and rpoB, so we could not identify these isolates (Table 5 ).
| DISCUSSION
Infections caused by NTM have been increasing worldwide.
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In Korea, the prevalence of NTM increased from 22.2% in 2002 to 45.9% in 2008, and there was a similar trend in the numbers of patients with NTM lung diseases. 29 So, there is a significant need for accurate methods for the identification of NTM.
Traditionally, the identification of Mycobacterium species was based on phenotypic methods employing growth rate and pigmentation. However, these methods require several days to a few weeks because of the slow growth of these organisms. Many clinical researchers face a difficulty in identification owing to similar 
